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a b s t r a c t
Agricultural sciences developed in Europe from the middle of the 19th century onwards. In the
Netherlands, a national agricultural research and education system was established in 1876. Initially,
the emphasis was strongly on education and applied research. The higher professional school for teach-
ing agriculture, horticulture and forestry at Wageningen was admitted the status of technical university
(‘Hoogeschool’) in 1918. Complementary to the university a wide array of discipline-oriented research
institutes and commodity-oriented research stations were founded; especially after World War II. Since
the 1980s, the system had to face new challenges and adapt to a change in societal needs and policies. A
radical restructuringof theolddiverse system intooneorganization for researchandeducation,Wagenin-
gen University and Research Centre, took place in 1998. In this paper the developments in agriculturalo-innovation research and education in the Netherlands will be presented in a historic context and the recent evolu-
tions in agriculture-based research and knowledge systems are evaluated. It is concluded that societal
needs, scientiﬁc discoveries, and public and private funding are the driving forces behind change. How-
ever, most important for the quality and vigour of knowledge centres is the ability to adapt to change.© 2011 Royal Netherlands Society for Agricultural Sciences. Published by Elsevier B.V. All rights reserved.
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. Introduction
Wageningen as a knowledge centre is well-known interna-
national orientation. A dynamic period of growth in agricultural
research, education and extension from1955 to 1980was followed
by cutbacks in budgets, less inﬂux of new staff and re-orientationionally for academic education, research and innovation in the
omains of agriculture, environment and food; this reputation
as built on a solid base of long-term funded fundamental and
trategic research by the Dutch government, and a strong inter-
∗ Corresponding author. Tel.: +31 317 485315.
E-mail address: huub.spiertz@wur.nl (J.H.J. Spiertz).
573-5214/$ – see front matter © 2011 Royal Netherlands Society for Agricultural Scienc
oi:10.1016/j.njas.2011.03.002of research directions and extension services. The conventional
public-based tripod of Research, Extension and Education (‘OVO’)
turned out to be too static and costly to meet the challenges posed
by societal change and technological innovations. The step-by-step
changes made to adjust the capacity and functioning of the sys-
tem to new policy directions and cutbacks in budgets, turned out
not to be adequate to overcome structural weaknesses of the sys-
tem, such as the lack of critical mass in fundamental research and
es. Published by Elsevier B.V. All rights reserved.
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aps between applied research, extension and theneeds of farmers,
rowers and society at large.
The agricultural knowledge system in the Netherlands under-
ent a major transformation during the last 15 years. Based on
he recommendations of a high-level advisory committee, the gov-
rnment decided to restructure the whole agricultural knowledge
ystem [1]. It resulted in the merging of the agricultural university,
he discipline-based state institutes and the commodity-oriented
esearch stations. This transformation process has not been lim-
ted to theNetherlands; the quest for change applied to agricultural
esearch systems in many developed countries (e.g., Australia, UK,
enmark, and France).
This paper explores why and how changes in knowledge sys-
ems are coming about and which are the driving forces. The way
nowledge systems adapt to change in agriculture and society is
resented with a focus on the Netherlands.
. The history of agricultural research, education and
xtension
In Europe, general universities have not been equipped to
ddress problems related to food production adequately. Agricul-
ural sciences were started by scientists with a background in
edicine, philosophy or chemistry. Good examples are George
endel (a monk with roots in farming) and Von Liebig (a chemist);
oth contributed to the development of experimental research. The
ork of these pioneers laid the basis for agricultural sciences in
urope [2]. There are conﬂicting views on the evolution of agri-
ultural knowledge systems in Europe. Werrij [3] attributed the
evelopment of the agricultural knowledge systems strongly to the
ole of the European Union (EU) during the post-war period. How-
ver, the evolution of agricultural research and education in Europe
oes have a much longer and diverse history.
Comprehensive analyses of the developments in France and the
K from 1850 onwards were presented by Castonguay [4] and
rassley [5], respectively. In England, the private initiative of one
erson, Sir John Lawes, led in 1843 to the establishment of the
orld’s oldest agricultural research institute: Rothamsted Experi-
ental StationatHarpenden [6]. This initiativeprovided long-term,
ystematic data for interdisciplinary research on agricultural, eco-
ogical and environmental problems. Brassley [5] showed clearly
hat for much of the 19th century before 1890, agricultural sci-
nce in Britain received little government support. This was a big
ontrast with government funding and number of agricultural sci-
ntists in Germany and the USA. The U.S. Land Grant University
odel was already established by the legislation in the Morrill Act
f 1862. In thismodel, universitieswould adopt a uniform tripartite
unction of education, research and extension [7]. The foundation
f university departments of agriculture in theUK. – Bangor (1889),
eeds (1890), Nottingham (1892), Reading andWye (1894) – gave a
oost to British agricultural science. It took until 1914 before public
esearch instituteswereestablished in theUK; e.g., Imperial College
plant physiology), Cambridge (plant breeding, animal nutrition),
ong Ashton (cider and fruit), EastMalling/Wye (fruit), Rothamsted
soil and plant nutrition), Reading (dairying), Kew (plant pathol-
gy).
In France the ‘Institut National Agronomique’ (INA), originally
stablished at Versailles in 1848 but dissolved in 1852 as deemed
oo costly for the SecondEmpire,was reinstated in 1876 andmoved
o Paris [4]. The reason for re-opening INA was the need of training
pecialists that could assist in modernizing French agriculture and
mprove its productivity. INA had to become competitive over the
lder, prestigious ‘grandes écoles’: Écoles Nationales d’Agriculture
ÉNA) at Montpellier and Grignon. In 1917, two famous scien-
ists, Eugène Tisserand and George Wéry, presented reports on theJournal of Life Sciences 58 (2011) 1–10
state of French agricultural research and education. Comparedwith
Germany and the USA they concluded that France had too few agri-
cultural scientists. The Ministry of Agriculture established in 1920
the ‘Institut des Recherches Agronomiques’ (IRA); a new organiza-
tion with 80 laboratories and regional agronomic stations. France
did learn from systems in theUSA andGermany, but did notwish to
implement any foreign model in its entirety. The current organiza-
tion INRA was established in 1942 by the ‘gouvernement provisoire’
after the old system broke down during the economic crisis in the
1930s [4]. The research and education system in France continued
to be diverse and strongly regionalized.
In the Netherlands, the Royal Holland Society of Sciences and
Humanities (founded in 1752) was the ﬁrst to bridge the gap
between academic science and technological development. In the
middle of the 19th century, individuals like W.C.H. Staring orga-
nized government support for developing a geological map of the
Netherlands and initiating research in the ﬁelds of soil science and
agronomy. The national public agricultural research system in the
Netherlandswas establishedabout 130years ago [8]; its naturewas
then mixed, ranging from higher agricultural education to exten-
sion and applied research: testing of seed quality and quality of
fertilizers [9]. In 1877, the National Agricultural Research Station
was established at Wageningen, just one year after the founding
of the School for Agricultural Education. This development was
not unique; besides the developments in France also in Belgium
an ‘École Supérieure d’Agriculture’ was founded at Louvain [10].
The Agricultural University (Landbouw Hogeschool) was founded
in 1918 at Wageningen with a main responsibility in teaching
(660 students). The number of academic staff (32 professors out of
119 staff in total) and the research capacity (22 laboratories) was
quitemodest [11]. The domains of this technical university covered
sciences of importance for the development of agriculture, horti-
culture and forestry in the Netherlands and the tropics; especially,
plantation crops, forestry and soils in the Dutch Indies were part of
the curriculum and research activities.
The university developed successfully in the early stages; this
process was interrupted by World War II. Some restructuring of
the curricula took place in the mid-ﬁfties [11]. The exponential
growth of the number of students from 1960 onwards resulted in a
rapid expansion of the Agricultural University. At the same time a
high-level committeeadvised thegovernment to strengthen funda-
mental and strategic research of the agricultural university and to
modernize the curricula. Biology and food sciences got their footing
among the agriculture-based education programmes. The restruc-
turing was implemented in a complete set of new curricula in 1970
that offered the students more freedom to match the subjects to
their personal interest. To facilitate the enhancement of the aca-
demic disciplines several life-science oriented chair groups (such
as molecular biology and plant ecology) were founded.
State research institutes (DLO) in the ﬁelds of plant, animal,
environmental, food and social sciences emerged as foundations
with their own board over a period of more than 100 years. These
institutes were discipline-oriented and well-equipped; there-
fore the researchers could carry out advanced research projects
with a long time-span. The perceived problems and international
advancements in agricultural research were the driving forces for
establishing a new institute. The oldest institutions were estab-
lished to address problems in soil fertility, animal nutrition and
plant breeding. Parallel to the development of the university, post-
war Marshall Funds were used to invest in strategic and applied
agricultural research. In various disciplinary ﬁelds (plant phys-
iology, plant health, animal health and husbandry, storage and
processing, etc.) new state research institutes were founded in the
1950s with modern facilities and staff with a proven academic
record and international experience [8]. The Dutch government
continued to boost strategic agricultural research and education in
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he 1960s; as a consequence the international role of Wageningen
ecamemoreprominent.At thepeakof state funding inagricultural
esearch 25 DLO-institutes existed, representing a wide variety of
isciplines and thematic ﬁelds: from genetics to economics and
rom nature conservation to animal health (Appendix A). A process
fmerging led to a decrease of the number of DLO-institutes,which
ltimately resulted in ﬁve institutes matching the sciences groups
f the university: Plant Sciences, Animal Sciences, Food&Agrotech-
ology Sciences, Environmental Sciences, and Social Sciences.
. Public and private interest in research and extension
ervices
Public and private sectors have a long history of co-operation
n the Dutch agricultural research and knowledge system [12].
lready at the end of the 19th century some research stations
seed testing, dairy quality) were established in the Netherlands.
uite unique were the initiatives by growers in various horti-
ultural branches to establish research stations for commodities
uch as vegetables, fruits, ﬂowers. Small enterprises, like growers
nd farmers organized in agricultural boards, commodity boards
nd co-operatives, depended on the support of the government to
stablish research capacity for their own interest.
The extension service expanded strongly after World War II
hen agricultural production and food security had a high priority
n government policy. Under the responsibility of the Ministry of
griculture a vast extension system was established with special-
zed groups at the national level and services with specialist and
eneral extensions workers for each province/region. The socio-
conomic extension service was originally a primary responsibility
f the Agricultural Board (Landbouwschap). At the national level
he aim was to disseminate knowledge from the university, state
nstitutes and research stations to the regional extension services
nd to farmers and growers [13]. At the local level this infor-
ation was matched to the speciﬁc information needs of the
ndividual farmer/grower. The traditional customer-tailed ﬂow of
nformation has been characterized as the linear model; in the
eginning quite effective, but in the long run a labour-intensive
nd time-consuming process. The change in government poli-
ies, internationalization and the restructuring of the knowledge
ystems had also profound effects on the organization and role
f the state extension service. First, the focus became stronger
n thematic ﬁelds (sustainability, environmental pollution, rural
evelopment, plant health, animal diseases, etc.) than on agricul-
ural production as such [14,15]. As a consequence the technical
spects of extension became almost completely privatized. Nowa-
ays, the private companies do have the lead in disseminating
roduct-oriented (agrotech, pharmaceuticals, etc.) knowledge. The
niversity, state research institutes and research stations became
nvolved in networks with actors in the food and ﬂower chain
iming at co-innovation [16]. This participation is not only more
lient-customer based, but takes also into account the innovating
ole of farmers and growers.
A tight co-operation between the private and public sector was
stablishedby the sharedcosts (50/50) for running the research sta-
ions for applied research in various horticulture sectors since the
nd of the 19th century. This joint funding was also implemented
or the arable and animal farming sectors around 1985. This sys-
em of commodity-based applied research developed during the
0th century as legal entities under the joint budget responsibili-
ies of the Ministry of Agriculture (MoA) and Commodity Boards.
he representatives of the primary sectors held a strong position on
he large boards (up to 20 members) of the experimental stations
nd the regional experimental farms and gardens. They outnum-
ered the board members that represented the ministry or otherJournal of Life Sciences 58 (2011) 1–10 3
public organizations. The boards gave much priority to technical
innovations and problems that affected the proﬁtability of speciﬁc
cropping or animal production systems. As a consequence, research
priorities were set by the needs of the primary sectors and not by
the concerns of other stakeholders in the food chain, like processing
industry and consumers.
The industry established its own research facilities aiming at
proﬁtability and quality for dairy products (NIZO), sugar (IRS),
starch (NIKO), ﬂour (TNO), and malt (TNO). At the level of primary
production there existed a healthy competition and also some joint
research activities. The larger-scale industries – manufactures of
fertilizers and machinery, breeding and seed industry, sugar mills,
starch industry, breweries, food processors and pharmaceutical
companies – preferred to manage their own competitive research
needs independently to seek a maximum proﬁt. Research lead-
ers and university professors used to play an important role as
independent adviser and/or as provider of knowledge and new
academic staff to private research institutions.
The traditional model has recently been replaced by
public–private partnerships in joint research programmes.
One example of combining forces is the Top-Institute for Food
and Nutrition (TIFN) that combines expertise and critical mass of
three universities, research institutes and industrial companies
to foster innovation. Currently, the relative proportion in funding
of TIFN by the government, knowledge institutions and private
companies is 50, 25 and 25%, respectively. Other examples of
new partnerships funded by government and private industry
are the research programme ‘Green Genetics’ and the business
development scheme within the framework of the ‘Food Valley
Initiative’. In their evaluation, Poppe et al. [17] concluded that the
new agricultural knowledge model is quite robust and can meet
future challenges.
4. Funding R&D; the changing role of government and
private sectors
In the Netherlands, as in many other OECD-countries, the rapid
expansion of the public R&D sector during the 1950s and 1960s
(annual growth rates of 7–8%) was followed by a period in which
further expansion was considered undesirable, because of rapidly
growing government deﬁcits [18]. The changing role of the govern-
ment and adjustments in agricultural policy orientation induced
major changes in the Dutch agricultural system (Table 1). For many
years, the principal objective of the Dutch Ministry of Agriculture
was to raise the general level of welfare of the agricultural popula-
tion and to ensure food security for the population at large. In this
context, the public agricultural research and technology policywas
straightforwardand focusedpredominantlyon increasingquantity,
quality and efﬁciency of production. The old policy has been very
successful in implementing these goals by using a vast network
for developing and disseminating knowledge [19]. The changed
perspective on the role of government in society, as well as tight
government budgets, have placed governments under increasing
pressure to become more effective, efﬁcient and accountable. The
most important characteristics of the new public administration
approach were deﬁned as:
1. Orientation towards the ultimate users of government services;
2. Disconnectingpolicyandoperation toenhance transparencyand
accountability;
3. Disconnecting funding, purchasingandprovisionof services, and
4. Competition between service providers.
A process of consolidation and rationalization of the publicly
funded agricultural research organization took place from the
4 J.H.J. Spiertz, M.J. Kropff / NJAS - Wageningen Journal of Life Sciences 58 (2011) 1–10
Table 1
Some key-ﬁgures on turn-over, stafﬁng and funding of the DLO-institutes in 1991 per knowledge unit.
Knowledge units
Plant Sciences Animal & Fishery Sciences Agrotech & Food Sciences Environmental Sciences Social Sciences Totala
Turn-over (Euros) 106,900 126,800 84,200 105,600 47,200 503,100
Personnel (fte) 550 648 478 525 289 2658
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aFunding by min. of agric. (%) 46 39–44
a Includes the funding of research services that are mandatory by law, and the st
nd of the 1970s to the beginning of the 1990s. As a conse-
uence, the number of state agricultural research institutes was
educed considerably. In the Netherlands, average annual growth
ates in agricultural R&D spending declined to 4.2% in the period
971–1981 and to 0.9% in the period 1981–1993 [18]. However, the
verage S&T research intensity ratio, measuring public agricultural
&D spending relative to agricultural GDP, still increased from1.8%
o 2.5% for twenty OECD countries. The university share of public
gricultural R&D spending increased from 14.9% in 1971 to 31.8%
n 1991, which shows that the research budget of the university
as less affected by cutbacks in public spending than that of the
LO-institutes [18]. So the decrease in research spending reﬂected
ainly the declining share of agriculture in total GDP. Despite the
utbacks in budgets, the Dutch agricultural research system still
anked on position nr 7 with a spending of 227 million US Dollars
n 1985 following the USA, France, Canada, UK, Italy and Germany
19]. Expressed per unit of land, the spending in the Netherlands
xceeded all other countries, which reﬂects the high value of pro-
uceper unit area in growingglasshouse crops (e.g., ﬂowers), bulbs,
egetables and seed potatoes in the open.
It should be noted that the privately performed agricultural
&D – especially in plant breeding, animal and plant health, and
ood processing – showed an annual growth of 3.8% in the period
981–1993 globally. As a consequence, the share of privately per-
ormed R&D increased from 47.8% to 56.8% [18]. In the capital- and
nowledge-intensive research areas, like biotechnology and devel-
pment of biocides, the liberalization of economies and the decline
npublic fundingpaved theway for theprivate sector toplay amore
mportant role in agricultural research. This reﬂects the recommen-
ation by Huffman and Just [19] to increase the total amount and
hare of agricultural research funding by strengthening intellectual
roperty rights (IPR). In their vision theprivate sector shouldunder-
ake a large share of applied research but not ﬁnance the public
ector of agricultural research. The public sector should redirect its
esearch efforts to areas that areworthwhile for the society at large;
.g., environment, natural resources, food safety, human nutrition,
ealth and livelihood.
. Why and how did policies change?
Food and water are fundamental to life. The planet’s ecologi-
al infrastructure experiences increasing pressure, because of the
onsumption patterns of a growing afﬂuent society, the depletion
f natural resources and the projected climate change. Increased
ublic concern about environmental health (biodiversity, water
uality, etc.), sustainability of agricultural production systems, food
afety, animal welfare and land use has changed European agri-
ultural policies substantially [20]. Most of these concerns came
rom scientists nationally and internationally, and citizens outside
he agricultural sector. Their view often conﬂicted with traditional
gricultural policies and beliefs that focused mainly on the produc-
ion capacity and efﬁciency of the various sectors. A new mindset
s needed on how to integrate the different functions of production
ith other ecosystem services [21]. Signiﬁcant changes in poli-
ies, institutions and practices were and are still needed to make
dvances in ecology to reconcile biodiversity conservation and food51 63 69
he central administration.
security [22,23]. Integrating these new public concerns into exist-
ing agricultural policies has been, and continues to be a difﬁcult
process, inwhichpolicymakers oftenhave to choose between serv-
ing the commercial interests of the sector, and serving the interests
of society at large.
The traditional one-dimensional focus of agricultural policies on
production and productivity, shared by both the agricultural sec-
tor and the government, changed over the last 30 years and no
longer exists [24]. In the Netherlands, the domain of the Ministry
of Agriculture changed from sector-oriented policies (animal pro-
duction, crop production, bulbs and ﬂowers, ﬁsheries, etc.) towards
policies in thematic ﬁelds of public interest (food security, food
safety, nature conservation, rural development, and international
co-operation). This shift in agricultural policies has been of par-
ticular importance to the development of the public agricultural
research system, because it created a far broader and more com-
plex research agenda. In the course of the 1980s, the government
adopted the concept of sustainable development as one of its
core objectives, and changed its mission statement to “creating or
improving the conditions for a competitive, safe and sustainable agri-
culture”. In keeping with these new objectives, the ministry had
sought to reorient its research and technology policy accordingly,
and has given priority to research on environmental, food safety,
animal welfare and land use issues. This reorientation has been dif-
ﬁcult as it cameat a timewhen thebudgets for agricultural research
were declining. It did affect the functioning of the research orga-
nization: new concepts were developed and implemented. More
prioritywas given to fundamental-strategic research topics related
to public goods, such as nature development, food safety and envi-
ronment. Besides the Ministry of Agriculture, other ministries with
responsibilities in the ﬁelds of environment, land use planning, and
watermanagement got involved in setting the research agenda and
funding of research.
At the national level the National Agricultural Research Council
(NRLO-TNO), founded in 1957, was responsible for policy for-
mulation, building networks among stakeholders and carrying
out surveys and foresight studies [25]. The Board of the Coun-
cil was composed of policymakers, leaders of private companies
and directors of research. By a lack of a co-ordinated policy and
control mechanism within the Ministry of Agriculture, this inde-
pendent council ﬁlled a gap between government, stakeholders
and the research community. The NRLO-substructure organized in
ﬁve thematic ﬁelds aimed at strengthening co-operation between
researchers working in the same research areas, but for differ-
ent institutions (universities, state institutes, research stations and
even private companies). A major achievement has been to make
the content and the costs of on-going research projects and pro-
grammes transparent to the research community and the public.
The council became redundant when the ministry at the end of the
1980s established a Directorate for Science and Technology (DWT).
After being a policy adviser and mediator between various players
for four decades, the NRLO became restructured into a Network for
Agro-Innovation with a mandate to carry out foresight studies and
to develop strategies for innovation.
Recently, the government implemented new instruments –
Knowledge Chambers (‘Kenniskamers’) and Chief Science Ofﬁ-
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ers (CSO) – to bridge the gap between policymakers on the one
and and science and society on the other. The new institutions
eplace the role of the NRLO and the former research co-ordinators
ppointed byMoA. In 2008, Knowledge Chamberswere established
o identify areas for knowledge development and innovations
aking into account trends in society for three thematic ﬁelds:
Agrocluster’, ‘Nutrition and Consumers’, and ‘Nature and Land-
cape’. Like the old NRLO-Council the Knowledge Chambers are
omposed of policymakers, scientists and opinion leaders in soci-
ty. Their mandate is to develop a strategic agenda for knowledge
evelopment and innovations based on trends and developments
n society. The main difference with the former NRLO is that the
ew chambers are not independent, but are embedded within the
inistry. In 2009, two CSOs were appointed; one for Nature, Land-
cape and Rural Affairs and the other for Agro-Chains and Fisheries.
he task of the CSOs is to strengthen the relationship between
olicy and science. This is not an easy task, because the transla-
ion of policy-based problems into research questions that can be
ddressed within a relative short time-span needs a common lan-
uage. The language gap is less in the social and environmental
ciences, but quite big in the more technical-oriented plant, animal
nd food sciences as has been shown for the debates and policies on
enetically modiﬁed crops, zoonoses and food contaminants. The
recautious principle and zero-risk thinking in the public domain
uts more challenges and responsibilities on the shoulders of sci-
ntists.
From 1 January 1999 onwards, the funding of DLO by the min-
stry consisted of subsidies for approved programmes and projects.
ot only has the ministry introduced contract arrangements with
he executing agencies, it has also tried to generate competition in
he distribution of its research contracts by setting aside a small
ortion of its budget for competitive grants. As said, for develop-
ent of strategic expertise to prepare DLO for new challenges in
he future the Ministry of Agriculture allocates a special budget; it
mounts to about 20% of the total budget. For this activity there is a
rogramming mechanism based on major themes selected by the
inistry based on input of the ‘Knowledge Chamber’. Part is spent
n projects of speciﬁc responsibilities set by law (e.g., environ-
ental and nature monitoring, animal diseases) and for research
o support policy making and implementation. However, in 1999
ostof its researchbudgetwas still allocatedwithin the framework
greement between the ministry and the preferred provider on a
asis of the responsibility of the ministry to maintain continuity of
he public research infrastructure (DLO) in its domain. However, it
an be noticed that the share in funding by ‘third’ partners (Com-
odity Boards, private companies, etc.) already in 1991 amounted
o more than 50% for the institutes in the ﬁeld of Plant, Animal and
ood Sciences (see Table 1).
The role of farmers and growers organizations in guiding agri-
ultural researchdeclineddramatically; it reﬂects thedecline of the
ole of primary agricultural sectors (crop and animal production)
n society [24]. Representation of the farmers and growers organi-
ations in the Boards of the DLO-institutes ceased as a consequence
f the new structure. The relations with the clients and stakehold-
rs are organized in a different way than in the past. The new
oncept of public administration has led to a major change in the
ay MoA disburses its grants to DLO-institutes and research sta-
ions through programmes. Instead of providing open grants (input
unding), the ministry increasingly uses contracts (output fund-
ng) that specify targets and outputs for the agreed-upon research
rogrammes. Programmes are increasingly problem-oriented and
ulti-disciplinary. Programmes are strategic lines of research with
common duration of four years and an annual budget mostly
anging between 4 and 10 million Euros.
The whole programming process involves ex ante and ex post
valuations as well as approval of annual work plans. Further-Journal of Life Sciences 58 (2011) 1–10 5
more, the institutions are evaluatedby an international peer review
panel every ﬁve years. The evaluation of the DLO-institutes is orga-
nized in a speciﬁc way. The mission of the institute and the major
research responsibilities play an important role. There are large dif-
ferences in research responsibilities between institutes; some are
more active in the public domain (e.g., dealing with food safety or
animal health and welfare problems), other ones carry out mainly
contract research for the private industry. For guiding the research
carried out in programmes ﬁnanced by the government, super-
vising committees play an important role. The work plan and the
go/no go decisions give a strong inﬂuence to the contract-partner.
Market-orientation, private and public, of the research activities
of DLO-institutes and the experimental stations has become very
strong.
The balance between own responsibility of research institutions
on the one hand and accountability of the research community
to the funding agency on the other, is not static, but will depend
on the perceptions and attitudes of society towards science and
technology. Universities play a key-role in building trust in sci-
ence, because they are quite independent from interference by
government and/or the private sector in exploring unknown areas.
In modern society with open access to many sources of informa-
tion, sometimes quick and dirty, the strengthening of transparency
and trust in science becomes of utmost importance. Especially new
developments brought about by advanced technologies (genomics,
nanotechnology, etc.) face the lack of trust [26]. More transparency
is needed with respect to objectives, tools and potential applica-
tions. This problem was coined by Bouma [27] as the ‘knowledge
paradox’. Building trust in science will require transparency and
dialogue with educated citizens.
6. The transformation of the agricultural research system
in the Netherlands
At the end of the 1980s it became clear that cumulative effects
of cutbacks in budgets combined with a drop in the enrolment of
students threatened the continuity of the small agricultural uni-
versity. Furthermore, the scattered research facilities of the many
university groups lacked the critical mass and funding for upgrad-
ing and new investments. A merger with a larger university was
one of the options. A study of the future of the Dutch agricultural
knowledge system, commissioned by the Minister of Agriculture
in 1995, concluded that Wageningen as a strategic international
knowledgecentre shouldbemaintainedandstrengthenedbycreat-
ing more critical mass, synergy and efﬁciency. The most important
recommendation of the Advisory Committee ‘Peper’ was to merge
Wageningen Agricultural University (WAU) and the state insti-
tutes (DLO); a rather revolutionary idea at that time, because the
culture and primary functions of both institutions differed pro-
foundly. The academic freedom of individual professors and their
chair groups was materialized in the uniqueness of their labora-
tories, ofﬁces and premises for teaching. State institutes, carrying
out problem-driven fundamental and applied research, were man-
aged top-downunder the supervisionof theMinistryofAgriculture.
Generally, the state institutes had more critical mass and their
research facilities were mostly state-of-the-art. The Minister of
Agriculture, however, adopted the recommendation right away
and made the integration of DLO and WAU one of his major pol-
icy objectives. The organization of state research institutes (DLO)
and the research stations became completely restructured and a
new corporate identity was established. DLO became formally pri-
vatized and detached from the Ministry of Agriculture, Nature
Management and Fisheries (MoA) in September 1998 [1]. Link-
ing a university with agricultural research institutes was not a
completely new invention. It was already applied some 100 years
6 ingen Journal of Life Sciences 58 (2011) 1–10
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(Fig. 2):
Table 2
Ranking ofWageningenURonglobal publication and citation lists for three thematic
ﬁelds. Rankings are based on number of citations.
Papers Citations Citations/paper
A. Agricultural & Food Sciences
1. USDA 7604 69,908 9.19
2. INRA 3163 35,573 11.25
3. CSIC 3187 31,602 9.92
4. Wageningen UR 2384 25,183 10.56
5. UC Davis 1951 23,214 11.90
6. Cornell University 1559 19,086 12.24
B. Plant & Animal Sciences
1. USDA 13,253 121,984 9.20
2. UC Davis 6336 71,181 11.39
3. INRA 5815 70,768 12.17
4. Max Planck Society 2822 67,356 23.87
5. Cornell University 4657 62,858 13.50
6. Wageningen UR 3807 51,403 13.50
C. Environment/Ecology
1. USDA 4734 54,770 11.57
2. US Geol. Survey 3540 54,372 15.36J.H.J. Spiertz, M.J. Kropff / NJAS - Wagen
go by agricultural colleges in the USA, e.g., Cornell and Berkeley
7].
Wageningen University continued to carry out research and
eaching on the same rules as apply to the general universities
nder theMinistry of Education andScience.However, theMinister
f Agriculture does have special responsibilities for governance and
unding. Nowadays, the funding of fundamental research strongly
epends on budgets allocated for PhD-students, competitive grants
rom the Netherlands Organization for Scientiﬁc Research (NWO),
nd external project funding by NGOs, governments and private
ndustry. During the period 2004–2010 the established research
unding channels were bypassed by national funding of special
ig strategic programmes, such as on ‘Climate Change’ and ‘Green
enetics”. Besides, also a large agricultural innovation programme,
RANSFORUM, got a share of D 30Million out of a total of D 800Mil-
ion extra spending. These funds were made available by the Dutch
overnment out of the proﬁts made by exporting natural gas.
Generally, international funding became of more importance.
n some EU programmes Wageningen UR got a large share, which
ndicates that Wageningen scientists have strong networks within
urope making them successful in their applications. Furthermore,
n increasingpart of the research funding isprovidedbyother fund-
ng agencies, such as the European Research Council and at the
lobal level the World Bank, and the Melinda and Bill Gates Foun-
ation. International research centres were created from the 1960s
nwards for the main commodities; e.g., for rice the International
ice Research Institute (IRRI), and forwheat andmaize the Interna-
ional Maize and Wheat Improvement Center (CIMMYT). In total a
etwork of about 15 Centres of International Agricultural Research
as founded. Participation in this network contributed also to the
nternational orientation of the agricultural research system in the
etherlands. Many alumni of the Agricultural University got the
pportunity to acquire a short-term or even permanent position
broad, either as scientist in the USA, at one of the new interna-
ional research (CGIAR) institutions or as an assistant-expert in jobs
ffered by the Food and Agriculture Organization (FAO) to support
eveloping countries.
. Wageningen UR: a centre of advanced education and
esearch
Wageningen University and Research Centre (Wageningen UR
WUR) is the new co-operative endeavour created in 1997 by
erging the Wageningen Agricultural University and the Research
nstitutes of the Dutch Organization for Agricultural Research.
ome years later also the Organization for Applied Agricultural
esearch, the Polytechnic School Van Hall Larenstein and the inter-
ational training centres (e.g., IAC, ILRI and ISRIC) joined this
ew entity. With a total of about 6500 staff and 10,000 students
rom over 100 countries, it became one of the largest centres
or research and education in agriculture and food-related sci-
nces. For more details on organization, facts and ﬁgures see:
ww.wur.nl/UK/about/facts+and+ﬁgures/.
The mission statement of Wageningen UR was: “to explore the
otential of nature, to improve the quality of life” [28]. Within the
phere of activity, Wageningen UR positions itself by focusing on
he main themes: Bio-based economy, Sustainable food produc-
ion, Food quality and safety, Animal health and welfare, Human
utrition and health, Livelihood and well-being, Water manage-
ent, Climate change, and Biodiversity. These topics are addressed
y a systems approach within a framework of conﬂicting goals and
ompeting claims (Fig. 1).
The interesting feature of Wageningen UR is that it is com-
rised of a university and expertise centres in the areas of research,
igher education and commercial exploitation of expertise andFig. 1. Framework to relate sustainability, bio-based economyandhealth goalswith
boundaries for objectives in the domains of People, Planet & Proﬁt.After: [25].
intellectual property. By joining forces,WageningenURwas able to
invest in modern buildings and facilities for the primary processes
research, innovation and education. Furthermore, the internation-
alization of research and education has become an essential feature
ofWageningenUR. The strong international orientationwas further
developed while retaining its roots in the Dutch society; espe-
cially the agri-food production chains based in the Netherlands.
Wageningen UR became embedded in the Food Valley Initiative,
a public–private partnership between the universities, public and
private research institutes, and national and international compa-
nies. The critical mass of the institutions in this partnership will
create a strong hub for R&D in life sciences, agrotechnology and
food sciences in Europe.
The ranking of Wageningen UR in 2010 on global publications
and citations lists for three thematic ﬁelds – Agricultural & Food
Sciences, Plant & Animal Sciences and Environmental Sciences –
turned out to be high (Table 2).
The sphere of activity of the new Wageningen UR organiza-
tion incorporates two domains that can be thought of as two axes3. UC Davis 2600 45,019 17.32
4. UC Berkeley 2117 43,162 20.39
5. Wageningen UR 2436 40,266 17.07
Source: Essential Science Indicators, September 2010.
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. The full rangeof agro-production: fromgenetics/genomics to the
breeding of crops and animals, from production to the process-
ing, sales and utilization of the produce.
. The quality, planning and conservation of the rural area and nat-
ural environment with its many highly diverse functions.
The primary academic tasks – education and research – are
erformed by chair groups under the responsibility of the chair
olders, mostly full-time professors. The chair groups (about 90)
re embedded in ﬁve management divisions: Plant Sciences, Ani-
al Sciences, Agrotechnology and Food Sciences, Environmental
ciences and Social Sciences. The number of students in the aca-
emic year 2008–2009 amounted to: 2900, 2300 and 1300 for the
Sc-, MSc-, and PhD-programmes, respectively. The population of
hD students is quite large and diverse, with more than 50% of the
tudents coming fromabroad.After a stagnation in the inﬂuxofBSc-
tudents from the mid-nineties onwards, the enrolments showed a
trong increase over the last years (Table 3). In the beginning of the
cademic year 2010–2011 a total of about 2000 students enrolled
n the BSc- and MSc-programmes. Especially the MSc-programmes
ttracted a growing number of students from European
ountries.
The co-ordination of education and research of PhD-students
nd post-docs within the University is the responsibility of the
raduate schools. The graduate schools have three main tasks:
1) to stimulate and co-ordinate the development of a coherent
esearch programme for the university, (2) to safeguard, monitor
nd stimulate the quality and the progress of academic research
PhD-students, post-docs and researchers), and (3) to co-ordinate,
able 3
rends innumberof studentsenrolled in theBSc-andMSc-programmes in theperiod
006–2010.
Enrolment in BSc-and MSc-programmes 2006 2007 2008 2009 2010
BSc-programmes 577 709 843 969 1075
Linkage programmesa 71 75 64 61 72
MSc-programmes 983 954 1108 1300 1486
Total 1631 1738 2015 2330 2633
a Joint degree programmes with foreign universities.of Wageningen UR, and their mutual interactions.
develop and facilitate a post-graduate education programme (0.5
year out of the total of 4 years).
Currently, there are six graduate schools:
1. Experimental Plant Sciences (EPS);
2. C.T. de Wit Graduate School Production Ecology and Resource
Conservation (PE&RC);
3. Wageningen Institute of Animal Sciences (WIAS);
4. Wageningen Institute for Environment and Climate Research
(WIMEK);
5. Food Technology, Agrobiotechnology, Nutrition and Health
(VLAG), and
6. Wageningen School of Social Sciences (WASS).
The performance of research groups participating in a gradu-
ate school is evaluated internally every year. Under the umbrella
of the Royal Netherlands Academy of Arts and Sciences (KNAW) a
regular (6-year intervals) international evaluation of the quality of
research and education is performed. Awell-documented standard
procedure is used. The main criteria are scientiﬁc quality (quality
of output, leadership, academic reputation), productivity (strategy
and volume), relevance (scientiﬁc and societal), and viability and
feasibility (research strategy, SWOT, quality of staff). The scores for
each criterion are ranging from 1 (unsatisfactory) to 5 (excellent).
The reports of these committees are public.
8. Change and challenges
Wageningen University will continue to offer a wide range of
opportunities from professional to academic and from mid-career
to life-long education. For researchers Wageningen UR will be the
place to take part in research within networks of the European
ResearchArea, thenetworksofCGIAR institutes andadvanced insti-
tutions in industrialized and emerging countries and to assist in
capacity strengthening for developing countries.
The critical mass and the excellence of individual scientists of
the agricultural university and state research institutes contributed
to the reputation of Wageningen as an advanced agricultural
research centre. The pioneering research of C.T. de Wit (who was
afﬁliated to both the Agricultural University and a DLO-institute)
8 J.H.J. Spiertz, M.J. Kropff / NJAS - Wageningen
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n the theory of quantitative crop production and the development
nd application of crop models in the 1960s is the best illustra-
ion [29]. Also in other disciplines Wageningen scientists stood at
he brink of new directions in agricultural research; e.g., J. Bouma
nd N. van Breemen (soil sciences), P. Gaastra (photosynthesis),
. Koornneef (genetics, plant breeding), S.J. Wellensiek (genetics,
orticulture), J. deWilde (integratedpestmanagement), J.K. Zadoks
plant health) and J. Hautvast (food sciences). The strength of the
ageningen approach has been that fundamental and applied
esearchers understood their complementary role and interacted
o solve problems in ﬁelds of common interest.
Internationally, traditional production-oriented ﬁelds of
esearch (agronomy, soil fertility, pest management) show less
rowth in scientiﬁc output compared with the basic sciences
photosynthesis, plant genetics) and system approaches (e.g.,
rop modelling). This change over time is shown for agronomy,
oil fertility, integrated pest management (IPM), crop modelling,
hotosynthesis and plant genetics (Fig. 3). The boost in numbers
f papers on photosynthesis from 1990 onwards may have been
aused by investments in climate change and biofuel research.
uman resources are especially strengthened in new disciplines,
ike molecular biology and genomics. A transition took place
rom hiring researchers trained in the more classic disciplines
ike agronomy, animal husbandry and soil science with a ﬁeld-
r farm-orientation to attracting new staff trained in basic sci-
nces with an interest in understanding biophysical processes,
cosystems functioning, interrelationships between food, health
nd well-being, and the complexity of society and consumer
ehaviour. However, there is a growing gap in sharing skills and
xperiences by researchers working on different scales (from
olecule to ecosystem, from primary production to consumer
ehaviour) and in different disciplines [30]. To overcome this
roblem, Wageningen Graduate Schools encourage PhD-students
o develop T-shaped skills, combining breadth and depth in their
ducation and research programme. Many international PhD-
tudents get an advanced training at Wageningen while carrying
ut most of the ﬁeld research in their home country (the so-called
andwich model). This is one way to put science into practice.
urthermore, some of the international development-oriented
esearch programmes (INREF) funded by Wageningen UR com-
ine natural and social sciences. Co-operation between different
cientiﬁc disciplines not only requires a strong commitment of
esearchers; also additional hurdles have to be taken in publishing
ulti-disciplinary research results.
The complexity of agricultural and food systems calls for inter-isciplinary analyses based on a wide variety of disciplines [31]; a
owerful tool to dealwith complexity is using systems approaches.
he demand for expertise in more general and multidisciplinary
esearch ﬁelds is increasing; however, young scientists becomeJournal of Life Sciences 58 (2011) 1–10
more andmore specialized [32]. The current judgment systems put
major emphasis on peer-reviewed papers in international journals.
It will be a challenge to reward also the products of true inter- and
trans-disciplinary research.
There are stillmany challenges ahead, not only in implementing
these abovementioned new policies. Some recent developments:
1. Agriculture and society
Agriculture in developed countries will increasingly be
exposed to the attitudes of citizens and consumers towards
food quality, human health, well-being of animals, loss of bio-
diversity and nature (incl. forests). Furthermore, the concerns
on the impact of intensive agricultural production systems on
emissions of greenhouse gases (methane, nitrogen dioxide, etc.),
eutrophication of surface and groundwater and loss of tradi-
tional landscapes are becoming more important. The exclusive
positions in social, economic and political ﬁelds based on secur-
ing regional food security to avoid famineandpolitical instability
are likely to erode. The strong position of the agricultural sector
in the national and European political landscapeweakened since
food shortages were replaced by surpluses. An example: in the
Netherlands: the Ministry of Agriculture, in existence for more
than 70 years, has been incorporated into a larger ministry com-
prisingEconomicAffairs, Agricultureand Innovationwhenanew
government was formed in October 2010. Balancing food, feed
and fuel production with its natural environment will remain an
important policy and research issue for the next decades.
2. Competition in research, bothnationally and internationally,will
increase
Given the growing complexity of research problems and the
need for critical mass, there will probably only be place for
a limited number of large, specialized, internationally operat-
ing centres for agricultural research in Europe. The structure
and functioning of most agricultural research systems in Europe
with the exception of Denmark, UK, France, and the Netherlands
are still quite diverse and fragmented. The EU-Framework
Programmes did foster co-operation between researchers of dif-
ferent countries and built critical mass, but the total spending in
these programmes is only a small fraction of the total national
spending. In the near future, competition from the scientiﬁc
institutions in Asia (e.g., China) will become more important.
Wageningen UR continues to strengthen its international posi-
tionby strategic partnershipswithother Europeanorganizations
(e.g., INRA) and the international CGIAR-system, but also with
universities in China, Africa and Latin America.
3. Managing change in research, education and innovation
Change in funding and complexity of managing large uni-
versities and research centres requires special skills of the
management at the level of the Executive Board as well as at
the level of operational units. It will become a challenge to
balance scientiﬁc quality and operational vigour with a sound
entrepreneurial attitude. Basic funding is likely to be only a
minor part of the total income. Programme and project funding
are already playing a major role. Development and maintenance
of expertise will depend on good strategic management that
will focus on core business, strategic alliances, human resource
development, mobility of researchers and active networking.
Blackman and Kennedy [33] concluded that “a move is required
away from a perspective focused on output of knowledge through
researchandeducation to onewhichaccommodates knowledge cre-
ation as an everyday activity which is critical to its adaptation to
the changing environment and to its success” and “what knowl-
edge do we require in order to understand the possible futures so
that we can pursue strategic goals”. Not only external forces put
pressure on the functioning of academic institutions. Scheffer
[34] made a plea to catalyse a change towards a science that
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is more open-minded, a science that is less limited by domi-
nant theories, a science that helps to see the bigger picture of
the forces that regulate change and stability in complex systems
ranging from the human body to society, ecosystems and the
climate.
. Concluding remarks
The Dutch agricultural research system underwent various evo-
utions in structure and function. It started more than 100 years
go as a publicly funded producer and disseminator of knowledge
ith thin walls between the public and private sector. The publicly
unded research capacity, especially executed by the state research
nstitutes, expanded strongly for three decades after World War II.
unding became more competitive from the mid-1970s onwards.
rom the mid 1980s to the mid 1990s, societal and policy changes
nd ﬁnancial cutbacks weakened the critical mass and viability of
he knowledge system, including the Agricultural University, the
tate institutes and the research stations. The government took
he lead in a major transition by merging the university, the state
nstitutes and the experimental research stations. The expertise
nd infrastructure provided by the merging of the university and
esearch institutes created a unique scientiﬁc environment tomeet
ata on staff numbers and budgets of the state-funded agricultural research institutes an
Staff
Total
1. Plant Sciences
Centre for Agrobiological Research (CABO) 160.5
Institute for Plant Breeding – Arable (SVP) 81.4
Institute for Plant Breeding – Horticulture (IVT) 112
Institute for Plant Biotech & Soil Biology (Ital) 88.5
Centre for Genetic Resources (CGN) 4
State Institute for Cultivar Testing (RIVRO) 84
State Research Station for Seed Testing (RPvZ) 70
Res. Stat. for Arable Crops & Vegetables (PAGV) 104
Res. Station for Floristry (PBN) 71
Res. Station for Glasshouse Crops (PTOG) 119
Laboratory for Bulb Research (LBO) 84.5
Res. Station for Fruit Crops (PFW) 34.5
Res. Station for Mushrooms (PC) 30.5
Res. Station for Trees and Urban Green (PBSG) 35
2. Animal Sciences
Central Animal Health Inst. (CDI) 313
Institute for Animal Research (IVO) 105.5
Institute for Animal Nutrition (IVVO) 75
Institute for Fishery Research (RIVO) 80
Centre for Res. & Ext. of Poultry (COVP) 100
Research Station for Animal Husbandry (PR) 76
Research Station for Pig Husbandry (PV); 1986 onwards (26)
3. Agrotech & Food Sciences
Inst. Storage & Processing Hortic. Produce (SI) 79
Inst. Storage & Processing Arable Produce (IBvL) 87
Inst. for Mech., Labour & Buildings (IMAG) 220.5
4. Environmental Sciences
Institute for Nature Management (RIN) 134.5
Inst. for Forestry and Landscape (Dorschkamp) 97
Inst. Land Reclamation & Water Management (ICW) 109
Institute for Soil Classiﬁcation (Stiboka) 136
Institute for Soil Fertility (IB) 161
Institute for Research on Pesticides (IOB) 22
5. Social Sciences
Institute for Agricultural Economics (LEI) 275.5
ource: Aard en omvang van het landbouwkundig onderzoek [Nature and size of agricultu
* Research Stations with 50/50 funding by public and private resources.Journal of Life Sciences 58 (2011) 1–10 9
the challenges set by science and society. It may be concluded that
the Wageningen education and research system went through a
transition period adapting to changes in society and agriculture
at large. The gain of this process is a more efﬁcient and effective
academic education system and a vital research system that can
meet a more complex agenda of research issues. The revolution-
ary step to merge a university with state research institutes and
research stations created the conditions to develop Wageningen
UR into a scientiﬁcally strong hub in an international competi-
tive environment. Centres of Excellence in science, education and
innovation can only exists if they show the ability to adapt to
change.
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77 20.2 2.2 18.0
ral research], Tweede Kamer, 1985–1986, nr. 1–2, 31 pp.
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